Th is paper evaluates the concepts of natural rates of interest and output in
Introduction
Since the beginnings of modern macroeconomics, natural rates have been used as benchmarks in various contexts. Th e »natural rate of interest«, the »natural rate of growth«, and the »natural rate of unemployment« are all familiar concepts that have served as equilibrium references of diff erent kinds. Th ey have been defi ned (1) as hypothetical notions for the measurement of gaps between the actual and optimal levels, or steady-state value, of the variable in question, (2) as attractors, on which the market system tends to converge (if undisturbed), and/or (3) as normative guidance for policy rules.
In all three functions, concepts of natural rates have met much criticism, especially from the Keynesian camp. Nonetheless, they play a key role in the current consensus view, the »New Neoclassical Synthesis« (henceforth: NNS). Describing elements of that synthesis, Michael Woodford argues in his recent paper on Convergence in Macroeconomics (2009: 69) that it »is now widely agreed that macroeconomic analysis should employ models with coherent intertemporal general-equilibrium foundations« (emphasis in the original). Business cycles and growth are analyzed within a single framework that is based on Walrasian principles. Woodford emphasizes that »this does not mean that the Keynesian goal of structural modeling of short-run aggregate dynamics has been abandoned. Instead, it is now understood how one can construct and analyze dynamic general-equilibrium models that incorporate a variety of types of adjustment frictions, that allow these models to provide fairly realistic representations of both shorter-run and longer-run responses to economic disturbances« (ibidem).
More specifi cally, the »dynamic stochastic general equilibrium (DSGE) models now used to analyze the short-run eff ects of alternative policies often involve imperfect competition in both labor markets and product markets« (ibidem).
Th e new synthesis thus combines the New Classical DSGE technology of Real Business Cycle (RBC) theory with New Keynesian emphasis on nominal and real rigidities in the price mechanism.
Woodford is also the author of Interest and Prices (2003) , a landmark contribution to the NNS, in which he stresses the importance of natural rates of interest and output for modeling macroeconomic dynamics in the short run. In addition to the benchmark role of the natural rate of interest »in understanding how a given kind of interest-rate policy will aff ect infl ation determination« (Woodford 2006: 17) , the corresponding concept of the natural rate of output permits to make use of welfare analysis to provide normative guidance for monetary policy. Th e two natural rates serve to identify, quantify and eliminate what are believed to be ineffi cient outcomes of the market interaction of households, fi rms and the central bank. Th e general conclusion is that the elimination of infl ation by way of rule-bound interest-rate policy will let the system converge on its natural rates of interest and output, the steady-state rates of the long run, and thereby minimize the welfare losses of the short run.
Woodford's focus on natural rates makes his version of the NNS more encompassing than the standard combination of RBC with New Keynesian theory (Goodfriend 2002) , in that it includes core elements of pre-Lucasian macroeconomics. Woodford (2003: 5 -8) refers explicitly back to Friedman's natural rate of unemployment and, most fervently, to Wicksell's natural rate of interest, claiming to have reformulated Wicksellian insights in terms of a theory that meets »modern standards of conceptual rigor«. Moreover, the natural rates in Woodford's framework may be interpreted as nesting concepts of »potential output« and the »neutral rate of interest« that have also been used in the Keynesian literature (following Keynes 1936: 243 and Okun 1962) . Th e new synthesis thus gives the impression of being a general theory.
However, natural rates are also a contentious issue in the NNS. A burgeoning literature is exploring the implications of model uncertainty and measurement uncertainty about the natural rate of interest (see, e.g., Laubach/Williams 2003 , Tristani 2007 , Weber et al. 2008 . Th e former refers to misspecifi cation of variables, time structures, shocks and other model ingredients, whereas the latter concerns the data and estimation problems connected with a benchmark rate that is not (directly) observable. While there is a wide array of positions on these matters, there is (so far) little dispute about the analytical foundations of the natural rates of output and interest in terms of the underlying general equilibrium theory.
Th ere was much less consensus in earlier macroeconomics. Discussions about natural rates of interest and unemployment were closely connected with controversies about the long-run neutrality of money, nowadays (almost) a non-issue in the NNS. Th e core question was, whether any equilibrium rate could be consistently defi ned independently of monetary policy. Keynes and the old Keynesians took a critical view of the neutrality proposition, and so did Lindahl, Myrdal and other followers of Wicksell, to whom Woodford (2003: 5 -8 ) refers as precursors. Th is raises the question, whether Woodford's version of the new synthesis -which he calls »neo-Wicksellian« and which is also labeled as »the benchmark New Keynesian model« (e.g., De Fiore/Tristani 2008) -really makes for an encompassing and consistent framework.
In this paper, we examine Woodford's concepts of natural rates of output and interest in the light of earlier debates. We draw attention to ambiguities that can be made visible with reference to Wicksellian, Keynesian and even Friedmanite notions of »natural«, »nor-mal« and »neutral rates«. Th ese ambiguities are related to analytical restrictions that result from modeling suboptimal market outcomes in the framework of intertemporal general equilibrium, or DSGE. Th ey concern (i) the notion of a natural rate of output under imperfect competition and inherent problems of using it as benchmark for monetary policy, and (ii) the diffi culties of defi ning a natural rate of interest that is completely independent of monetary policy.
We are not the fi rst to evaluate the concepts of the natural rate of interest in the Wicksellian, Keynesian and NNS literatures (see Amato 2005 , van der Ploeg 2005 , and Weber et al. 2008 ). Yet, our paper makes two extensions of that literature. After providing an outline of the canonical NNS model and its notions of natural rates in the following section, we discuss, in Section 3, the normative content of the NNS concept of the natural rate of output against the background of Friedman's natural rate of unemployment and Okun's notion of potential output. We show that -based on the output benchmark as such and evaluated by the internal standard of intertemporal general equilibrium -an interest-rate policy that follows Woodford's prescription is not necessarily preferable to an output-stabi-lizing policy along older Keynesian lines. In Section 4, we explore diff erent meanings of the concept of a natural rate of interest as developed (and mostly relabeled as normal or neutral rates) in Wicksellian and Keynesian macroeconomics. As that concept was developed in the context of intertemporal disequilibrium, we thus shift to an external standard of evaluation. Drawing on insights of Lindahl, Myrdal and Keynes, we set the focus on Woodford's diffi culties to consistently defi ne a benchmark rate of interest that would be independent of the infl uences of monetary policy. Section 5 concludes that there are grave doubts about the usefulness of concepts of natural rates as long-run attractors for the short-run dynamics and as benchmarks for the measurement of gaps and their minimization. In the light of older macroeconomic debates, these analytical foundations of modern macroeconomics look rather shaky.
Woodford's canonical NNS model
With reference to the IS-LM-AS framework of the old Neoclassical Synthesis, the core model of the New Neoclassical Synthesis can, in shorthand, be characterized as IS-AS-MP. It is a system of three equations that describes the short-run dynamics of output, infl ation and interest rates, where the monetary policy equation, MP, specifi es the reaction function of the central bank, typically in terms of a Taylor rule for setting interest rates.
Woodford's version of the NNS core model is a log-linear approximation of the conditions for intertemporal general equilibrium under rational expectations (2003: 243 -247) , here summarized in a slightly simplifi ed fashion.
1 Th e IS equation describes a negative relationship between income (aggregate demand) and interest in terms of intertemporal general equilibrium. It is obtained by log-linearizing the fi rst-order condition of the representative household's optimal consumption over time:
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where x denotes the gap between actual output and the »natural rate of output« (actually their levels in logs), E t … is the operator for rational expectations, σ the intertemporal elasticity of substitution, i the nominal interest rate, p the infl ation rate, and r the real »natural rate of interest«. Referring to Real Business Cycle theory, Woodford introduces the »natu-ral rate of output« as the »level of output that would occur in an equilibrium with flexible wages and prices, given current real factors (tastes, technology, government purchases) « (2003: 8) .
It is »a sort of virtual equilibrium« whose evolution matters because the gaps between its values and the actual quantities of output are »important measures of the incentives for wage and price adjustment and hence determinants of wage and price dynamics« (2003: 9) . If the current output gap, x t , equals zero, the composite interest term in Equation (1) represents the natural rate of interest which is »just the real rate of interest required to keep aggregate demand equal at all times to the natural rate of output« (2003: 248). Woodford's framework is based on forward-looking behavior of the private sector, i.e., the actual output gap is determined by the expected output gap and expected infl ation as well as by contemporaneous shocks and policy changes (embedded in r and i). Th e AS equation describes the relationship between aggregate supply and infl ation. In the spirit of the new synthesis it is defi ned as a New Keynesian Phillips curve in which actual infl ation equals expected infl ation plus the actual output gap:
where β is a discount factor and κ a rigidity parameter. Th e underlying assumption is that fi rms act in monopolistic competition and set their prices in a staggered fashion. Whenever shocks occur to the real interest rate (through i or r), a number of fi rms will maximize their profi ts by varying their output rather than prices. If there is a large degree of strategic complementarity between the pricing decisions of diff erent fi rms (aff ecting κ), price stickiness will make the eff ects of shocks to the output gap large and persistent. Th e model is closed by the MP equation that describes the reaction function of monetary policy in terms of a Taylor rule:
where i* corresponds to the nominal value of the natural rate of interest, insofar as it can be observed and controlled by the central bank. Th e two policy coeffi cients y p and y x defi ne the relative weights of infl ation and output targets and, hence, the relative intensity of interest-rate reactions to the respective gaps. Th e target value for the output gap is defi ned as the steady-state value in accordance with the infl ation target, x
2 Th is makes the Taylor rule internally consistent, as it ensures that i equals i*, whenever the infl ation target p* is achieved. Finally, it determines the endogenous variables i, p and x in Equations (1) -(3).
Th e policy conclusion from Woodford's model is a Taylor rule that sets the infl ation target near zero. In this case, price stickiness will not come into eff ect and output will stay close to its natural rate. Optimal monetary policy thus requires that the nominal rate of interest corresponds to the nominal value of the natural rate of interest. With this prescription, the new synthesis yields neo-Classical results from a model that is labelled (New) Keynesian on the grounds that, as long as the actual rates of interest and output do not correspond to the natural rates, output adjustments precede, or even prevent, price adjustments.
2
As a referee has correctly pointed out, there is a possible source of long-run non-neutrality of monetary policy, since the steady-state output gap is not independent of the choice of infl ation target whenever β < 1 (or >1). Woodford (2003: 244 n. 12) acknowledges the possibility of a non-zero gap in the steady state, but ignores such non-neutralities, as he log-linearizes around a zero-infl ation steady state.
»In this way it is established that a nonmonetarist analysis of the eff ects of monetary policy does not involve any theoretical inconsistency of departure from neoclassical orthodoxy« (2003: 238).
3 Natural rates and output gaps
Following Friedman?
Woodford's introductory defi nition of the natural rate of output -as the »level of output that would occur in an equilibrium with fl exible wages and prices« (2003: 8) -seems clear and simple. At further reading, however, the implications and variations of that defi nition become not only more complex (which would be natural), but also more ambiguous (which tends to reduce the concept's usefulness). Woodford's introductory defi nition (2003: 8) actually foreshadows those conceptual diffi culties, since it includes the casual statement that the output level in the virtual fl exprice equilibrium is »what is called the ›natural rate‹ of output, following Friedman (1968)«. 3 It is well known that Friedman (1968: 7 -11 ) coined the phrase »natural rate of unemployment« -with due reference to Wicksell's natural rate of interest; he did not then speak about a natural rate of output, even though that term had already been coined. 4 Nonetheless, a natural rate of output is implicit in Friedman's 1968 story, insofar as deviations from the natural rate of unemployment come along with (positive or negative) excess demand for goods. In later writings, Friedman more directly addressed the issue of output gaps (e.g., Friedman/Schwartz 1982: 60 -65 ). Yet, in the 1968 paper, Friedman's defi ning characteristic of the respective natural rate is full expectedness rather than price fl exibility, as he sets the focus on the transitory nature of money illusion in the presence of adaptive expectations. And Friedman/Schwartz (1982: 64) point out that the »transition between the short-run adjustment process and long-run equilibrium is produced by a revision of anticipated values in response to measured values in such a way that, for a stable system, a single disturbance sets up discrepancies that are in the course of time eliminated.« Nonetheless, Friedman's famous 1968 defi nition of the natural rate of unemployment includes a range of »structural characteristics« that may prevent prices and wages from being fully fl exible: 3 A more appropriate reference would have been Patinkin (1965) . However, as Patinkin's Money, Interest and Prices made a connection from Wicksell to the »old« neo-Classical Synthesis by way of the real-balance eff ect (see his Note E), that book is diametrically opposed to Woodford's Interest and Prices, where the real-balance eff ect is irrelevant, as in Wicksell's pure credit economy. 4
According to Phelps (1995: 16) , the concept of a natural rate of output dates back to the works of Abba Lerner in the 1940s and William Fellner in the 1950s. »Th e ›natural rate of unemployment‹ […] is the level that would be ground out by the Walrasian system of general equilibrium equations, provided there is imbedded in them the actual structural characteristics of the labor and commodity markets, including market imperfections, stochastic variability in demands and supplies, the cost of gathering information about job vacancies and labor availabilities, the costs of mobility, and so on.« (Friedman 1968: 8) 
Gaps, wedges and welfare
Whatever one may think about the compatibility of Walrasian general equilibrium theory with market imperfections and other structural characteristics, Woodford (2003) appears to follow that Friedmanite agenda. In his discussions of the concepts of a natural rate of output and output gaps, he reduces Friedman's »structural characteristics« to imperfect competition and corresponding price rigidities. Let us follow the variations step by step.
Step 1: perfect competition. A »Walrasian system of general equilibrium equations« is usually taken to describe a model with full price fl exibility under perfect competition. In that type of model, which is also underlying New Classical RBC theory, market prices of goods equal their marginal supply cost in equilibrium, and the marginal rates of transformation equal the marginal rates of substitution (mrt = mrs). Th e natural rate of output would thus be Pareto effi cient, and any gap between its level and actual output would be ineffi cient by defi nition. In Woodford's baseline model of intertemporal optimization and price-level determination (2003: ch. 2 ), the Walrasian model of perfect competition is at the back of the defi nition of the natural rate of output. However, the supply of goods is exogenous.
Step 2: monopolistic competition. In chapter 3, Woodford (2003) endogenizes the supply of goods in a Dixit-Stiglitz-type model of monopolistic competition. Th is market structure is chosen to facilitate the introduction of nominal rigidities under rational expectations. With price stickiness, output gaps can be described as results of optimal price-setting behavior of the fi rms. Th e benchmark for the assessment of such output gaps is derived from a model of monopolistic competition at perfectly fl exible prices. Woodford (2003: 151 -152) calls the solution to the corresponding real marginal-cost function (expressed as a fraction of the desired mark-up) »the natural rate of output« -again »following Friedman (1968)«. 5 In this setting, goods prices exceed, on average, their marginal costs, and the marginal rates of substitution diff er from the marginal rates of transformation (mrt < mrs). Hence the natural rate of output in the fl exprice monopolistic-competition model is not Pareto efficient, but defi nes an equilibrium output level that is »completely independent of monetary policy« and »a useful summary of the way in which disturbances shift the real marginal cost function, whether prices are constantly adjusted or not« (2003: 152). , and where Y t is the aggregate output of the diversifi ed goods in period t, Y n the »natural rate« of output, ξ t the vector of shocks to tastes and technology, s the real marginal supply cost and μ (>1) the desired mark-up.
Step 3: output gaps. Th e defi nition of output gaps is then given: If prices are sticky, optimizing price-setters will, to a certain degree, react to shocks by varying their output. Actual output can thus deviate from the natural rate. For analytical convenience, Woodford (2003: 177 -187 ) introduces the Calvo model of staggered price-setting where in each period only a fraction of goods prices adjusts to new information, whereas the other prices remain unchanged, and where the »right« to change prices is distributed randomly. If there are shocks to tastes, technology, input prices or fi scal policy that monetary policy does not compensate (so as to preserve price-level stability), staggered price-setting will lead to output gaps. It produces distortions of the price structure that increase in the degree of strategic complementarity of the pricing decisions. Woodford conceptualizes these price distortions and quantity adjustments as deadweight losses that can be analyzed in welfare-theoretical terms (mrt < mrs). It is this kind of ineffi ciency that Woodford seeks to make amenable to monetary policy. But how is the ineffi ciency in the output gaps exactly related with the market-power-related ineffi ciency in the »natural rate«? Let us look at Woodford's distinctions in the next steps.
Step 4: gaps and wedges. In part II of his book, Woodford extends the neo-Wicksellian framework to discuss its welfare-theoretical implications. He begins by analyzing the »con-sequences of a mildly ineffi cient natural rate of output« (2003: 411 -416) . Th e »actual natural rate of output« is determined by the degree of market power in the economy as well as its dispersion (by way of strategic complementarity). Th is »mildly ineffi cient natural rate« is considered to diff er from the effi cient »fl exible-price limit« (2003: 407 -411 ) by a small constant wedge, a concept that should be distinguished from the variable gap between actual output and the natural rate.
6 Output gaps thus imply two sorts of ineffi ciency: the basic ineffi ciency of imperfect competition plus the welfare cost of a monetary policy that does not react suffi ciently to real shocks, or even generates shocks of its own. Th e important point is that, under Woodford's assumptions, stabilizing the gap between natural and actual output near zero is optimal, because the natural rate output is then a good (log-linear) approximation of the effi cient rate of output. Th is is the base of Woodford's determined advocacy of interest-rate rules that stabilize infl ation near zero. It implies that there is no trade-off between infl ation stabilization and the stabilization of the output gap, at any rate not in the long run.
7 Insofar as the output gaps result from nominal rigidities, and the latter can be made ineff ective by price-level stabilization, this is plausible. However, the two restrictions »mildly« (ineffi cient natural rate) and »constant« wedge betray a certain precariousness of the policy conclusions. Both Woodford (2003) and other contributions to the literature (notably Benigno/Woodford 2005, and Blanchard/Galí 2005) have analyzed the implications of these restrictions in greater detail, as will be discussed in the next step. 6 Woodford (2003: 451) speaks confusingly of »diff erent output-gap concepts«. We describe the distance between the effi cient fl exible-price limit and the ineffi cient natural rate of output (where mrt < mrs) as a (non-tax) »wedge«. 7
It should be noted that Woodford (2003: 416 -419) does not advocate complete price stability.
Step 5: infl ation stabilization and welfare. In order to illustrate the issues at stake we have captured the distinctions between the wedge and the gaps in Figure 1 , which describes the case of a large, constant wedge.
8 Blanchard/Galí (2005) (2005) go even further and argue that the divine coincidence is not simply a matter of absence of shocks to the wedge; it results more generally from the absence of non-trivial real imperfections in Woodford's framework. Introducing real wage rigidities they show that adverse supply shocks interact with the rigidities in such a way that endogenous variations in wage mark-ups give rise to trade-off s between stabilizing infl ation and maximizing welfare, which may even be eff ective in the long run. Th e other issue is the size of the ineffi ciencies represented by the wedge, and its relation to the output gaps. As expected utility depends on the expected level of output, the natural rate of output, Y n , might not be a good proxy for the welfare-relevant output and hence not useful for deriving the optimal policy rule. In a sophisticated argument Woodford (2003: 455 -463) demonstrates nonetheless that, under certain conditions, his conclusions from the case of a »mildly ineffi cient natural rate of output« survive even in the case of larger distortions (see also Benigno/Woodford 2005) : Th e optimal long-run infl ation rate is zero and the optimal monetary policy involves only small deviations from zero. Yet, the preconditions of this argument are too specifi c to rule out a further objection that is easy to make out from the fi gure above. If the wedge is suffi ciently large, expansionary output gaps (x t > 0) could reduce the ineffi ciency implied by the wedge. Can it be excluded that policy strategies which produce such expansionary gaps are pareto-superior or equivalent to strategies that aim at minimizing output gaps? Take, for instance, the typical Keynesian strategies of the 1960s and 1970s that targeted potential output, as defi ned by Okun (1962) . Okun's concept can be interpreted as consistent with Woodford's natural rate of output, insofar as it defi ned (i) potential output as the macroeconomic output level associated with neither infl ationary pressure nor unemployment, and (ii) the corresponding growth rate as equivalent to the natural growth rate.
10 Yet, Okun's characterization of output gaps as cyclical deviations from the growth trend also fostered the application of statistical methods in policies that would attempt to keep actual output relatively close to the trend. Now, assume that the time path of the actual rate of output, Y, in the fi gure above represents the realization of such an output-smoothing strategy, which in comparison with the NNS Taylor rule (Equation (3) of Section 2) could be expressed as:
where x represents the trend rate of output growth, as perceived in t. Can it be excluded that this strategy is pareto-superior to one that minimizes output gaps with regard to the time path of Y n ? Woodford (2003) fails to exclude this possibility; he does not even discuss it, because it seems to be precluded by various assumptions underlying the NNS framework, such as rational expectations of the private sector and the (implicit) continuous equilibrium of savings and investment.
11 Both assumptions bring us to the confrontation of Woodford's concept of the natural rate of interest with earlier debates about that notion.
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Technically speaking, Woodford (2003: 455 -463) and Benigno/Woodford (2005) derive a quadratic approximation to the utility-based welfare-loss function. Th e minimization of this function can be formulated as the policy problem to be solved, subject to the constraint that the AS relation of equation (2), which is augmented with a cost-push disturbance term, holds each period. 10 Even though Okun (1962 Okun ( [1983 ) stressed the diffi culties of measuring the »potential labor force«, he made it clear that -given the NAIRU (in his case: a four percent unemployment rate) as »target rate of labor utilization« -in his concept, changes in potential output (or GNP) are directly correlated with changes in the eff ective labour supply. 11 Benigno/Woodford (2005) discuss the case of randomized monetary policy. Th ey show that this strategy of producing output gaps (positive and negative) by confusing the private sector would be 4 Th e natural rate of interest
Diff ering Wicksell connections
A central diff erence between the New Keynesians of the NNS and Keynes himself is the role played by wage and price stickiness in the explanation of output fl uctuations. While such nominal rigidities are crucial for New Keynesians, Keynes (1936: ch. 19 ) stressed that they are not essential. Wage and price fl exibility would not provide a cure for eff ective demand failures which keep output at levels that generate involuntary unemployment. On the contrary, nominal and real wage adjustments tend to make things worse. As Leijonhufvud (1981) has pointed out, Keynes had a »Wicksell Connection« in the underlying argument that coordination failures of interest rates, i.e. the intertemporal price mechanism in the capital market, result in excess demands (positive or negative) in goods and/or labor markets, and that those excess demands are not automatically cured by price or wage adjustments in those other markets.
In Wicksell (1898: 94 -101), the excess demands, which arise from diff erences between the market rate of interest and the natural rate, translate into changes in the price level only. Th ese changes might eventually feed back to the market rate of interest and close the gap, but they would not be reversed automatically; the price level at the end of the cumulative process would be diff erent from the original one. In the Wicksellian literature of the inter-war area, Wicksell's separation of cumulative processes and business cycles was abandoned, and interest-rate gaps were discussed as causes of changes in the structures and levels of prices and production. Wage stickiness did play a role in some of the transmission stories, in terms of diff erences in the speed of price and wage adjustments; but the major matter of contention was the eff ect that cumulative price changes could have on the capital stock. If misalignments of the market rate of interest lead to changes in marginal productivity, can the (expected) rate of return on real investment still be considered a »natural rate of interest« on which the system would converge? Would monetary policy have the power to generate and to prevent cyclical, or even sustainable, changes in the structures of prices and production? Th ese were the questions raised by Lindahl (1930) , Myrdal (1931) , Hayek (1931) as well as Keynes (1930) , before his General Th eory of 1936.
Since Woodford (2003) approvingly refers to Lindahl, Myrdal and Hayek, while his DSGE-based approach fundamentally diff ers from their disequilibrium frameworks, it is instructive to compare and contrast his notion of the natural rate of interest with theirs. Furthermore, as we will see, Keynes's critique of the concept of a natural rate of interest in his General Th eory (1936) adds to the contrast. For the comparisons in the following subsections, it is helpful to make a distinction between diff erent causes of suboptimal states of the economy, which has also been developed by Leijonhufvud (1981) . Output gaps may be explained in terms of some »spanner in the works« malfunction of the price mechanism, compatible with the NNS framework under certain conditions, but argue that it is of little practical interest. Yet, randomized monetary policy should not be confused with discretionary monetary policy or (non-contingent) rules that include »output-smoothing«, as discussed above.
»for which we may imagine that agents actually do have full information (so that all the nuts and bolts of standard theory can be used) but are prevented from acting on what they know« (Leijonhufvud 1981: 140) .
Or they may be explained by incomplete information states of the system, which materialize in failures of interest rates to achieve optimal coordination of intertemporal plans of consumption and production. Incomplete information can lead to mutually inconsistent beliefs and corresponding disequilibria, or to mutually consistent, but incorrect beliefs that may produce temporary equilibria. Th e disequilibrium approach was used by Wicksell (1898), Lindahl (1930) , Myrdal (1931) , Hayek (1931) and Keynes (1930) , whereas the temporary-equilibrium approach was chosen by Keynes (1936) as well as various brands of Keynesianism. Woodford (2003: 5) links his contribution to the NNS to Wicksell, Lindahl and Myrdal, but employs -like most New Keynesians -the »spanner in the works« approach by combining imperfect competition with nominal rigidities (as discussed in Section 3). In some parts of the NNS literature, price stickiness is introduced through qualifi cations of the rational-expectations hypothesis, blending the »spanners in the work« approach with aspects of »incomplete information«.
12 Th at part of the new synthesis shows some parallels to »old synthesis« Keynesianism (IS/LM etc.) and Monetarism, which also used mixes of the two approaches (see Section 3, and Leijonhufvud 1981: 168 ). Yet, even the »sticky information« NNS remains based on the assumption of intertemporal general equilibrium, and hence excludes insights that may be gained from the analysis of disequilibria and temporary equilibria in older macroeconomics.
Implications of Wicksell's concept of the natural rate of interest
The notion of the natural rate of interest is central to Wicksell's theory of inflation. Two quotations from his Interest and Prices (1898) may suffice to demonstrate that this notion had a number of different meanings: »Th ere is a certain rate of interest on loans which is neutral in respect to commodity prices, and tends neither to raise nor to lower them. Th is is necessarily the same as the rate of interest which would be determined by supply and demand if no use were made of money and all lending were eff ected in the form of real capital goods. It comes to much the same thing to describe it as the current value of the natural rate of interest on capital […] . It is thus confi dently to be expected that the Bank rate, or more generally the money rate of interest, will always coincide eventually with the natural capital rate, or rather that it is always tending to coincide with an ever-changing natural rate.« (Wicksell 1898: 102, 117 ; emphasis in the original) Th ese defi nitions and predictions have at least fi ve implications:
Implication 1: barter equilibrium. Th e natural rate of interest is the market-clearing price in classical capital market equilibrium, which in »pure price theory« is conceptualized as the coordination of saving and investment plans in a barter economy. Since entrepreneurs (investors) and capitalists (savers) act in free competition (Wicksell 1898: 103 -104, 134) , this »real natural rate« is solely determined by the forces of productivity and thrift.
Implication 2: IS coordination. Th e natural rate of interest in a monetary economy is the equilibrium interest rate that coordinates planned investment (I) with planned saving (S), free of current infl uences of monetary policy or the banking system.
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Implication 3: full employment. Th e natural rate is the interest rate at which the level of aggregate demand is suffi cient to generate full employment and full capacity utilization.
14 Implication 4: stable value of money. Th e natural rate is the interest rate at which the price level is stable -in modern parlance: the NAIRI (the non-accelerating-infl ation rate of interest) at a zero infl ation rate.
Implication 5: neutrality of money. Th e natural rate of interest is the attractor for the money rate of interest. Th e real value of the money rate (i.e. adjusted for infl ation) is forced to converge on the natural rate, which implies that money (monetary policy) is neutral with respect to real variables, at least in the long run.
Wicksell's original notion of the natural rate was thoroughly criticized and redefi ned by Lindahl (1930) , Myrdal (1931) and Hayek (1931) -as well as Keynes (1936) , whose contributions we relate separately, after summarizing the positions of the fi rst three authors. Lindahl (1930: 247 -248) and Myrdal (1931: 45 -53) rejected implication 1 of Wicksell's natural-rate concept, demonstrating that the barter benchmark is useless for the analysis of a non-stationary monetary economy. Beyond simple one-good models or stationary economies in which the system of relative prices remains strictly fi xed, the »real rate of interest« (in the sense of the expected rate of return on real investment) »cannot be regarded as existing independently of the loan rate of interest« (Lindahl 1930: 248) .
Th eir refutation of implication 1 led Lindahl and Myrdal to refute implication 5. Unlike Wicksell (and Hayek), they rejected the notion of a long-run equilibrium that is purely determined by non-monetary fundamentals. Stressing the importance of expectations, they defi ned the »real interest factor« as »the relation between anticipated future product values (with appropriate reductions for risk) and the values invested during the period« (Lindahl 1930 : 248, see also Myrdal 1931 . 13 Since Wicksell (1898) discussed the evolution of banking systems at great length, one should add: »free of any infl uences […] other than the banking system's general contribution to the reduction of transaction costs (economizing on the use of cash, monitoring services, etc.).« 14 Th is implication does not follow directly from the quotations, but from the standard assumption of full employment in Wicksell (1898: 90, 143) .
Th e values invested depend on the demand for investment goods which is infl uenced by the loan rate of interest. Lindahl (1930: 249, also 167) concluded »that the real rate of interest on capital […] has a tendency to adjust itself to the actual loan rate of interest in every period«. He proved this point by constructing various scenarios of cumulative processes under imperfect foresight in which a lowering of the money rate of interest leads to a rise in the price level (Lindahl 1930: ch. II) . Infl ation generates windfall profi ts which amount to »unintentional saving« to the extent that total saving adjusts to investment at the lowered money rate. However, Lindahl (1930: 180 -183 ) also stressed that the magnitude of the real eff ects of infl ation is inversely related to the speed with which expectations adapt to the infl ationary process, or even become forward-looking. In his framework, nominal rigidities play a role in determining the non-neutrality of monetary policy, but they tend to disappear in the course of the cumulative process, as both the formation of expectations and the stickiness of prices and wages are endogenous to infl ation.
None of Wicksell's followers accepted implication 4 which equates the natural rate of interest with price-level stability. Hayek (1931: 27) argued that the observation of price-level stability would not prove that the actual rate of interest is in line with the equilibrium rate (as he preferred to call Wicksell's »natural rate«). Since interest-rate gaps change the structure of prices and production, they lead to disproportionalities in the production of capital and consumer goods as compared to the savers' rate of time preference. Th e concomitant distortions of the price structure are not incompatible with price-level stability; the rate of infl ation is not, at any rate, a reliable indicator of the ineffi ciencies caused by interest-rate gaps.
Lindahl and Myrdal, too, rejected Wicksell's implication 4, pointing out that changes in the »natural rate« which are due to changes in productivity induce inverse changes in the price level or otherwise start a cumulative process (Lindahl 1930 : ch.V, Myrdal 1931 . Th ey argued that, if Wicksell's »natural rate« is reformulated in monetary terms, price-level stability is not a necessary condition of monetary equilibrium.
Th is leaves implication 2 to be explored. Th e named three authors essentially agreed with the defi nition of an equilibrium rate that coordinates planned saving and planned investment, independent of current infl uences of monetary policy or the banking system. Hayek (1931: lect. II) stressed that the equilibrium rate must bring investment in »more roundabout processes of production« (i.e. increases in capital intensity that aim at increasing marginal productivity) in line with voluntary saving (i.e. the marginal rate of substitution between present and future consumption). Lindahl defi ned the »normal rate of interest« as neutral in the sense that it eliminates all excess demands for capital and consumption goods. It does not imply a constant price level, but »such a development of prices as is in accordance with the expectations of the public« (Lindahl 1931: 252) . Myrdal (1931: ch. IV) had a two-component defi nition of the equilibrium rate of interest. Being the discount factor in the market for capital goods, this rate defi nes profi tability. Equilibrium is attained if the diff erence between the present value of capital and its reproduction cost is zero. Th e same rate equates total investment with total »free disposal of capital«, i.e. saving in mon-etary terms plus »value change, defi ned as anticipated depreciation minus appreciation« (Myrdal 1931: 82 -84 ).
Lindahl and Myrdal were nevertheless aware of a basic conundrum in the defi nition of a »normal« or »equilibrium rate of interest«: In order to serve as benchmark for the assessment of the eff ects of monetary policy, this rate has to be defi ned independently of monetary policy, even though it is co-determined by monetary policy. Th e conundrum can only be solved if the equilibrium rate of interest is defi ned as a path-dependent variable: Th e current equilibrium rate is infl uenced by past monetary policy (cf. Boianovsky/Trautwein 2006a) .
In his Treatise on Money (1930) , Keynes made extensive use of the Wicksellian notion of a natural rate of interest, mainly with regard to implication 2. In his General Th eory (1936: 183 -184, 242 -244) , Keynes fervently rejected all its implications but no. 3 (while being silent on no. 4). Investment is determined by the market rate of interest, which is essentially infl uenced by the liquidity preference of wealth-holders. Saving adjusts passively through the income mechanism, such that investment and saving are equal at diff erent levels of interest, income and employment -an argument that was subsequently captured by the notion of the IS curve in the old neo-Classical Synthesis.
»If there is any such rate of interest, which is unique and signifi cant, it must be the rate which we might term the neutral rate of interest, namely the natural rate […] which is consistent with full employment.« (Keynes 1936: 243 -emphasis in the original) Our brief and incomplete review shows that Wicksell's concept of the natural rate of interest had been thoroughly scrutinized, criticized and redefi ned in the interwar literature. Given this critical background, one would expect modern macroeconomics in the NNS to use the concept with great care, basically dealing with two challenges. Th e fi rst challenge is to solve the conundrum of defi ning an interest-rate benchmark for monetary policy in a world in which such policy is not neutral, neither in the short nor in the long run. Th e second challenge is to provide a rigorous and, at the same time, general foundation for the idea that the natural rate of interest should be identical with the NAIRI at (close to) zero infl ation.
Woodford's natural rate of interest
Which of the fi ve implications in Wicksell's natural rate of interest are present in Woodford's neo-Wicksellian concept? First of all, Woodford (2003: 248) states that »the natural rate of interest is just the real rate of interest required to keep aggregate demand equal at all times to the natural rate of output«. So it is »defi ned as the equilibrium real rate of return in the case of fully fl exible prices« (ibidem), a case for which Woodford fi nds that »equilib-rium output is completely independent of monetary policy« (2003: 152 -his emphasis) . It is at the same time »the rate of interest required for an equilibrium with stable prices« (2003: 34 n.22 -emphasis in the original). Woodford demonstrates this by solving the AS and IS relations in Equations (2) and (1), under the assumption of zero infl ation at all times. Th e result conforms Equation (1) taking »the form of a ›Fisher equation‹ for the nominal inter-est rate, where the intertemporal marginal rate of substitution of the representative household plays the role of the real-interest factor« (2003: 71) .
Th e textual evidence suggests that Woodford would subscribe to implications 2, 3 and 4 of Wicksell's concept, but not to implications 1 (as if barter) and 5 (neutrality). Even though Woodford's baseline model of a cashless economy abstracts from all »monetary frictions«, it is not a barter model. Th e unit of account is defi ned in terms of a monetary asset, by which the central bank is held to control interest rates. 15 Th is is also the reason why the nominal rate of interest would not automatically gravitate towards the nominal value of the natural rate: If prices are sticky, adjustments are not to be had without output gaps. Moreover, monetary policy is shown to have substantial and persistent real eff ects. In ch. 5 of his Interest and Prices, Woodford extends the neo-Wicksellian framework to include investment dynamics that change the capital stock and, hence, make the time path of the natural rate of interest an endogenous process. Here Woodford modifi es his defi nitions of the natural rates of output and interest, now considering them »as those that would result from price fl exibility now and in the future, given all exogenous and predetermined state variables, including the economy's capital stock.« (2003: 373 -our emphasis).
He thus implicitly acknowledges that the interest-rate benchmark for monetary policy is no longer independent of the policies chosen in the past. Th e latter aff ect the formation of the economy's capital stock through the extent, to which they allow infl ation to make nominal rigidities eff ective. It seems as if he would allow for multiple short-run natural rates of interest here, depending on which time horizons are chosen for the evaluation of monetary policies, and the relationship with the long-run (steady state) natural rate of interest that is supposed to be given by the RBC core of the NNS model is not at all clear.
Price stickiness is thus the essential reason why Woodford does not subscribe to implication 5, whereas he supports implication 4 (stable prices) in accordance with Wicksell (but not with Lindahl, Myrdal and Hayek). Woodford's concept of the natural rate of interest is compatible with implications 2 and 3 (IS coordination and full employment), but it is actually useless with respect to these defi ning characteristics of Wicksellian and Keynesian macroeconomics. Th e NNS framework is incapable of dealing with discrepancies between planned saving and investment and with involuntary unemployment, because it excludes both phenomena by assumption. Moreover, as the natural rates in the NNS also play the role of steady-state rates that provide the nexus in the integration of business cycle theory with growth theory, Woodford's position on implication 5 remains in a limbo. Going by the classical elements of the new synthesis, the natural rate of interest should work as an attractor for the short-run movements of the nominal interest rate. If the latter is, however, a political variable that can aff ect the economy's capital stock, the long run is not independ-ent of the short, and the so-called »natural rate of interest« is not independent of the policy rates of the past. And since -in a model with forward-looking expectations of the private sector and interest-rate rules for monetary policy -the policy rates of the past are closely connected with those of the present, the old conundrum of what constitutes a neutral rate of interest turns out to be less tractable than ever.
Conclusion
Our comparative investigation of the NNS concepts of natural rates of output and interest, as represented by Woodford's canonical model, leads to rather critical conclusions. Th e concepts fulfi l none of the typical functions of natural rates in an unambiguous fashion. Regardless of the empirical problems of measurement (which we have not addressed), Section 3 has shown that there are conceptual problems in making clear-cut distinctions between ineffi cient and effi ciency-enhancing output gaps, where the latter would eff ectively reduce the welfare losses from the wedge between the competitive »fl exible-price limit« and the (ineffi cient) natural rate of output under monopolistic competition. Even if the natural rate of output may serve as a reference for measuring gaps, it is not fully plausible as a normative target. Th e comparative examination of the implications of the natural rate of interest in Section 4 suggests that the RBC foundations of the NNS are at odds with the short-run dynamics in Woodford's investment model (2003: ch. 5 ), which may aff ect the capital stock and, hence, the steady-state rate of interest. Th is puts the normative role of the natural rate of interest in question, and it throws doubts on the indicative benchmark and attractor functions that it should have according to conventional understanding of a framework that integrates growth and business cycle theory on »intertemporal generalequilibrium foundations«.
Our paper has shown that the new synthesis is less encompassing than the labels »New Keynesian« and »neo-Wicksellian« suggest. Moreover, the comparison with older notions and criticisms of natural rates has exposed new trouble with such concepts. Th e »spanner in the works« approach of the NNS, which crucially relies on price stickiness in a quasi-monopolistic environment where households always are on their demand and supply curves, misses many of the deeper implications of the »incomplete information« approaches of older Wicksellian and Keynesian theories. Th e problems of coordinating the decisions of savers, wealth-holders, banks, fi rms and workers that were at the heart of those theories, are simply ruled out by three restrictions: intertemporal general equilibrium, rational expectations, and the absence of fi nancial structure. Describing output dynamics as if the optimality condition of an individual plan and rational expectations would always keep output at optimal levels forestalls any inconsistencies between the decisions in the private sector. Th e absence of fi nancial structure and liquidity preference -two market-inherent responses to problems of incomplete information -excludes the redistribution of income by way of infl ationary creation of inside money, or by large-scale defaults in times of credit crises. Based on the assumption that fi nancial markets are fully effi cient and the observation that asset prices are very fl exible (e.g., in Woodford 2003: 62, 441) , it has been generally concluded that large-scale changes in the level of asset prices are of no concern for monetary policy, as long as the level of goods prices can be kept stable. Restricted by its DSGE consensus, the NNS has failed to provide a framework that could have helped to anticipate and deal with the Great Credit Crisis which has developed recently at a global scale. It seems time to rediscover some of those essential insights of Wicksell, Keynes and their followers that have been eschewed by the New Neoclassical Synthesis. 
